Background: Hepatitis C virus (HCV) infection is one the major health concern among the infected transplant patients. Considering several complications of the disease in them, pre and post-transplantation studies should be performed for monitoring of the infection, as well as, developing new treatment protocols. Objectives: The current study was conducted to determine the Hepatitis C Virus RNA level among seropositive liver and kidney transplant recipients in Namazi Hospital; the main transplantation center in southern Iran. Materials and Methods: RNAs were extracted from 105 serum samples of seropositive liver and kidney transplant recipients and analyzed by Real-time PCR assay using a set of primers. Results: HCV RNA was detected in a total of 46/105 (43.8%) recipients' serum samples [39/46 (84.8%) males and 7/46 (15.2%) females]. Moreover, 8/46 (17.4%) and 38/46 (82.6%) were kidney and liver recipients, respectively. The copy number of HCV RNA, measured by the Real-time PCR assay, ranged from 5 × 102 to 3.14 × 109 copies/mL; Median 2.37 × 105 copies/mL and 1.7 × 103 to 9.44 × 104 copies/mL; Median 2.89 × 104 copies/ mL in liver and renal transplant patients, respectively. The comparison of viral load between liver pre transplant recipients group and post transplant counterpart indicated that the copy number of HCV RNA was significantly higher in the post transplant recipients (P = 0.033). The prevalence of the viral nucleic acid was significantly higher in males than in females (P = 0.026). Similarly, with regards to the age groups, the prevalence of HCV RNA was significantly higher in age group ≥ 45 years than age group < 45 years (P = 0.028). Conclusions: Considering the results, it can be concluded that HCV RNA detection is strongly suggested in transplant patients group to determine the prevalence of the disease and their responses to antiviral therapy and diagnosis of drug resistance. In addition, continuous and regular surveillance of HCV RNA level in such patients is highly recommended in order to better manage the complications of graft loss and reduce the mortality rate. Further studies are needed to find new therapeutic methods to lower the incidence of infection of new healthy allograft tissues in HCV RNA positive recipients.
Background
Hepatitis C virus (HCV) is a small, enveloped, positive sense, single stranded RNA virus, which belongs to the Flaviviridae family. The virus has six known genetic groups which differ by more than 30% of the nucleotide (nt) sequence and have unequal geographic distributions (1) . A previous study in Iran indicated that the highest level of infection belongs to 3a followed by 1a (2) . The pathogen is a major cause of chronic hepatitis and infects more than 200 million people worldwide with an estimated global prevalence of 2%. The virus has been also established as an important cause of cirrhosis and hepatocellular carcinoma (3) (4) (5) . HCV is known as a common indication of liver transplantation in Europe and North America (6, 7) . In addition, it is still estimated to cause 8 -10 thousand deaths annually in the United States and is the leading cause of liver transplantation (8) . The virus is transmitted primarily during blood transfusions and use of contaminated needles and syringes especially among intravenous drug users, those receiving blood transfusions, and transplant recipients (9) .
Patients with Chronic kidney disease are in the high risk group with exposure to HCV during their frequent blood transfusion, nosocomial transmission as well as hemodialysis or at the time of renal transplantation. Furthermore, the infection is known as a factor in mortality and graft loss after renal transplantation (10) (11) (12) (13) (14) . Tragically, despite the screening of blood products for HCV, the disease is still frequent among the patients with end-stage renal disease in both developed and less-developed countries (15) . HCV screening has several potential benefits including effective early treatment and reducing the risk of transmission of HCV infection to others (16) (17) (18) (19) . In addition, it can be helpful for estimating the prognosis of HCV infection.
During the last decade, serological and molecular diagnostic assays have been frequently used to manage, monitor and characterize the clinical status of HCV infection (20, 21) . Serological tests such as enzyme immunoassays (EIAs) and enzyme-linked immunosorbent assay (ELISA) are suitable for both diagnosis and screening at-risk populations and are recommended as the initial serological tests for the patients with clinical liver disease. Although the specificity of these tests is high, false-negative results may also occur in immunosuppressed patients such as solid organ transplant recipients, HIV-positive patients, hypo-or aggammaglobulinemia, and in the patients on long-term hemodialysis. Thus, to confirm the results, HCV RNA detection assays should be performed, especially in these patient groups (22) (23) (24) (25) . Furthermore, serum HCV RNA level indicates the response to antiviral therapy and diagnosis of drug resistance.
Objectives
The current study aimed to determine the Hepatitis C Virus RNA level among seropositive liver and kidney transplant recipients in Namazi Hospital; the main transplantation center in southern Iran.
Materials and Methods

Study Population
The study involved 105 transplant recipient patients, with age range between 17 and 82 (mean ± standard deviation: 46.04 ± 1.14 years) who referred to Professor Alborzi Clinical Microbiology Research Center, Namazi Hospital, Fars province, Iran between 2009 and 2011 for the diagnosis of HCV infection. All the recipients were serologically positive for HCV infection. The patients included 77 (73.3%) men and 28 (26.7%) women and were divided into two age groups: group I (< 45 years) and group II (≥ 45 years). Of these, 38 (36.2%) and 67 (63.8%) were the recipients of kidney and liver, respectively. The patients were also classified into two groups: pre transplant recipients (66.7%) and post transplant recipients (33.3%).
Sampling and RNA Extraction
Blood samples for harvesting of serum were collected from all the patients and left to clot at room temperature for 3 hrs and subsequently centrifuged. The sera were separated, aliquoted, and stored at -70°C for further studies. For all samples, nucleic acid was extracted from a 200-μL volume of sera using a commercially available viral RNA isolation kit (Invitek, Berlin, Germany). A standardized amount of internal control RNA, supplied with the Realtime PCR kit, was added to the lysis buffer to monitor the efficiency of sample extraction, the elimination of reverse transcription and PCR inhibitors, and the cDNA synthesis process. Negative controls were included in the extraction process between every 20 clinical samples.
Real-Time RT-PCR
The commercially available RT-PCR Advanced Kit was used to detect and quantify the HCV nucleic acid in all the samples (PrimerDesign Ltd., Millbrook Technology Campus, Southampton, UK). The sensitivity of this kit is 10 copies of viral RNA per reaction. Considering the dilution factor the sensitivity of the test was 1000 copies of viral RNA per 1 ml serum sample. The procedures were performed according to the directions and recommendations of the manufacturer's manual. The amplification process was performed using TaqMan 1-step RT-PCR master mix reagents (Invitrogen, Carlsbad, CA) in a 7500 Realtime PCR System instrument (Applied Biosystems, USA) as follows: 50°C for 20 min (reverse transcription) and 95°C for 10 min (DNA polymerase activation), followed by 50 cycles of 94°C for 10 sec (denaturation) and 60°C for 60 sec (annealing and extension).
Statistical Analysis
SPSS for Windows (version 16, SPSS Inc., Chicago, IL, USA) was employed for statistical analysis and the data were considered statistically significant at a two-sided P < 0.05. The values of RNA copies/mL in positive patients were initially explored with one-sample Kolmogorov-Smirnov test to find the distribution pattern in the current study population. The distribution is not normal if the difference is significant (P < 0.05). Therefore, statistical comparisons (mean ± SD) for HCV RNA level were performed between liver pre transplant recipients group and post transplant one using the Mann-Whitney test. In addition, the association between the prevalence of HCV RNA in post and pre transplant recipients, different sexes and age groups (I and II) were analyzed using Chi-Square test.
Results
HCV RNA was detected in a total of 46/105 (43.8 %) recipients' serum samples. Of these RNA positive patients, 39/46 (84.8 %) were male and 7/46 (15.2 %) were female. Moreover, 8/46 (17.4%) and 38/46 (82.6%) were kidney and liver recipients, respectively. The copy number of HCV RNA, measured by the Real-time PCR assay, ranged from 5 × 102 to 3.14 × 109 copies/mL; Median 2.37 × 105 copies/ mL and 1.7 × 103 to 9.44 × 104 copies/mL; Median 2.89 × 104 copies/mL in liver and renal transplant patients, respectively. The results of one-sample Kolmogorov-Smirnov test indicated that the distribution of values of RNA copies/ml patients' sera was not normal (P < 0.05) in the studied population. Thus, nonparametric tests were applied.
The comparison of viral load between liver pre and post transplant recipients groups indicated that the copy number of HCV RNA was significantly higher in the post transplant recipients (P = 0.033). However, the difference between the prevalence of HCV RNA in pre and post transplant recipients was not statistically significant (P > 0.05). The prevalence of the viral nucleic acid was significantly higher in males than in females (P = 0.026). Similarly, with regards to the age groups the prevalence of HCV RNA was significantly higher in group II than group I (P = 0.028). Figure 1 presents the prevalence of HCV RNA positive recipients in different ages and sexes. 
Discussion
In the present study, out of 105 seropositive HCV transplant recipient patients, HCV RNA was detected in 43.8 % of them (69.6 % pre transplant recipients and 30.4 % post transplant ones). Of these HCV RNA positive patients, 17.4% were kidney recipients and 82.6% were liver recipients. It can be concluded that about half of these transplant recipient patients may have had active HCV infection. In a previous survey in Iran, HCV RNA was detected in 6.4% of liver transplant recipients (26) . Moreover, the infection in renal transplant recipients varies between 2.6% and 66% in different geographical areas of the world (27) (28) (29) .
The comparison of viral load between liver pre transplant recipients group and post one showed that the copy number of HCV RNA was significantly higher in the post transplant recipients. Previous reports indicated that liver allograft will be reinfected within few hours after transplantation in HCV RNA positive liver recipients, and the majority (> 70%) develop chronic hepatitis. Recurrent HCV infection post transplantation is a progressive disease which results from the complex interplay between immunosuppression management, viral replication, and the recipient immune system leading to distinct patterns of recurrent chronic HCV in the liver allograft (30) . These may be taken on the reasons for the present study results in the liver post transplant recipients.
Transmission of HCV is mainly related to blood transfusion especially among hameodialysis patients or intravenous drug abuse addicts (31, 32) . In addition, unprotected sexual contact with infected partner or multi partnership is known as a low measurable risk factor in the transmission of the disease (9) . Multi partnership is unusual among females in Islamic countries. In addition, other risk factors such as intravenous illicit drug usage are more common in males than females in Iran. As expected, the results of the present study indicated that the prevalence of HCV RNA was more frequent in male recipients than in females. A recent seroepidemiological study in Colombian population showed that the prevalence of HCV infection was not statistically significant between different age groups (33) . Another study in Massachusetts, US, showed an increase in cases of HCV infection among young adults in 2009. However, in 2002 the frequency of the infection was higher among the older age groups (12) . The present results revealed that the prevalence of HCV RNA was significantly higher in age group II than age group I.
It is highly suggested that both kidney and liver transplant recipients and allograft donors should be tested for HCV infection. Earlier studies indicated that both renal and liver recipients with HCV infection had an increased risk of mortality and graft loss, compared with HCV negative group (12, 34) . It was shown that the rate of mortality and graft failure in HCV infected recipients was 1.69 fold and 1.56 times greater than those of none infected individuals, respectively (35) . Although HCV screening serological tests are performed in these transplant recipients, HCV RNA detection is more reliable and the rate of false negative results is significantly lower. On the other hand, serological assays are less sensitive when the rates of anti-HCV antibodies diminish especially in individuals undergoing dialysis (36, 37) . In addition, monitoring of HCV nucleic acid level in body fluids indicates the state of the disease, response to medication as well as diagnosis of drug resistance patterns. Consequently, HCV RNA level detection is strongly recommended in this group. In addition, continuous and regular surveillance of HCV RNA level in such patients is highly recommended in order to better manage the complications of graft loss and reduce the mortality rate. Also, comprehensive studies are needed to find new therapeutic methods to reduce the incidence of the infection of new healthy allograft tissues in HCV RNA positive recipients.
To our knowledge, limited research has been performed to demonstrate the prevalence of HCV infection among transplant recipients and donors in Iran, therefore further trials with extended follow up is vital and seems to be helpful for better understanding of the natural history of HCV and the related risk factors in this population.
